Few studies have assessed whether the patterns of neuropsychological impairment in patients with different frontotemporal lobar degeneration (FTLD) subtypes remain distinct over the duration of their illness or devolve into a common, undifferentiated neuropsychological state. A longitudinal neuropsychological analysis was obtained over 100 months assessing executive control, language/ naming, and visuoconstruction in 441 patients diagnosed with Alzheimer's disease (AD) and four FTLD subtypes, i.e., a social comportment/dysexecutive (SOC/EXEC) disorder; progressive nonfluent aphasia (PNFA); semantic dementia (SemD); and corticobasal degeneration (CBD). Initial group differences on each measure were maintained over the duration of illness, including several double dissociations. For example, AD patients exhibited a decline in 'animal' fluency; PNFA Correspondence concerning this article should be addressed to David J. Libon, Department of Neurology, Drexel University College of Medicine, Philadelphia, PA 19129. E-mail: dlibon@drexelmed.edu.
patients had difficulty on tests of executive control, SemD maintained their impairment on tests of naming, and CBD had presented with performance on visuoconstructional tests. None of the group by neuropsychological task interactions evaluating longitudinal decline was significant, suggesting that performance does not converge onto a common subtype over time. These data indicate that distinct patterns of neuropsychological impairment are maintained longitudinally, reflecting the unique anatomic distribution of relative disease burden in AD and FTLD. Keywords frontotemporal dementia; Alzheimer's disease; longitudinal assessment Frontotemporal lobar degeneration (FTLD) is a progressive neurodegenerative illness presenting with imaging and autopsy evidence of frontal and temporal alterations (McKhann et al., 2001; Snowden, Neary, & Mann, 1996) . Major FTLD subtypes that have been identified include a social/dysexecutive (SOC/EXEC) syndrome, progressive nonfluent aphasia (PNFA), semantic dementia (SemD), and corticobasal degeneration (CBD) . In this study, we examined the longitudinal course of the neuropsychological profiles of these patient groups to determine whether their initial neuropsychological deficits are maintained over time, or whether these distinctions are lost as the disease progresses such that they merge into a single, end-stage clinical dementia profile. This issue has clinical as well as theoretical implications.
Past neuropsychological studies have tended to focus on the initial, cross-sectional differences that may distinguish FTLD from Alzheimer's disease (AD; Kramer et al., 2003; Libon, Massimo, et al., 2007; Libon, Xie, et al., 2007) . For example, Libon, Massimo, et al. (2007) studied a large sample of AD and FTLD patients and subjected their performance on a comprehensive neuropsychological protocol to a principal component analysis. Distinct neuropsychological deficits typified each group. Between-and within-groups analyses revealed that patients with AD obtained their lowest scores on tests of episodic memory, whereas SemD patients were particularly disadvantaged on tests of semantic memory. On tests of processing speed and mental flexibility, time to completion was faster for SOC/EXEC patients, but these patients made many more errors on these tests. Patients with CBD and PNFA were impaired on tests of working memory. CBD patients also obtained low scores on visuospatial and visuoconstructional tests.
In a recent report, Grossman et al. (2007) found distinct neuropsychological as well as distinct neuroimaging profiles associated with pathologically defined groups of AD and FTLD patents. For example, tau-positive FTLD syndromes such as CBD presented with greater visuospatial difficulty and an extrapyramidal disorder coupled with MRI atrophy and greater pathological burden of disease involving the frontal and parietal regions. Clinically, these patients can present with symptoms of CBD or PNFA. By contrast, patients with a tau-negative FTLD syndrome such as FTLD with TDP-43/ubiquitin-positive inclusions presented with behavioral-social comportment difficulties along with significant impairment on language and verbally mediated executive measures. Their MRI cortical atrophy and pathological burden were greatest in frontal and temporal regions. These patients often present clinically with SemD or SOC/EXEC subtypes. Finally, AD patients presented with significant impairment on tests of episodic memory, with MRI studies demonstrating widespread cortical involvement including medial temporal lobe structures. Their neuropathology likewise was widely distributed and included the medial temporal lobe.
A problem associated with studies such as those described above is the lack of longitudinal follow-up on these patients. Indeed, little quantitative research has addressed the critical issue of longitudinal alterations in neuropsychological functioning in FTLD. Kertesz and colleagues (Kertesz, 2003; Kertesz, Davidson, & Munoz, 1999) have suggested that the clinical characteristics of FTLD patients tend to converge and devolve into a single subtype over time. These investigators employ the term Pick complex to emphasize that a common subtype reflects a single disease process despite heterogeneous histopathological abnormalities. Kertesz and colleagues have conducted additional longitudinal studies with a variety of FTLD subgroups to support their claim. For example, in a study examining patients who were initially diagnosed with CBD, Kertesz, Martinez-Lage, Davidson, and Munoz (2000) noted that over time the cognitive deficits associated with primary progressive aphasia (PPA) tend to merge with a dysexecutive disorder. Subsequent autopsy studies of these patients confirmed the presence of CBD in some cases, and other cases presented with pathological evidence of Pick's disease or other pathological alterations. In another study, Marczinski, Davidson, and Kertesz (2004) assessed the course of behavioral-social comportment symptoms over a 3-year period in SOC/ EXEC and PPA patients. The SOC/EXEC group presented with greater impairment on the Frontal Behavioral Index (FBI; Kertesz, Davidson, & Fox, 1997) at their initial assessment, suggesting greater behavioral-social comportment dysfunction than the PPA group. Although the slope for FBI scores remained fairly stable over time in the SOC/EXEC group, after 3 years the FBI score of the PPA group approached the same level of impairment as seen in the SOC/ EXEC group. A third study (Kertesz, McMonagle, Blair, Davidson, & Munoz, 2005) charted the longitudinal, clinical-pathological course of FTLD patients over a 3-year period. Patients who initially presented with one FTLD-neurobehavioral syndrome often went on to develop features of other FTLD-neurobehavioral syndromes. For example, patients who initially presented with a SOC/EXEC syndrome might then manifest features of PNFA or clinical characteristics consistent with CBD at follow-up. As in previous work, autopsy revealed considerable overlap and heterogeneity regarding the underlying neuropathological substrate associated with these patients. Finally, Blair, Marczinski, Davis-Faroque, and Kertesz (2007) noted the emergence of a common pattern of impaired language on a survey instrument of language functioning in FTLD. In a statistical sense, these studies suggest that the clinical course of FTLD is best described in terms of an interaction between FTLD subtype and longitudinal course, with different rates of decline across cognitive domains in different patient groups, so that ultimately all patients demonstrate the same level of end-stage functioning regardless of their initial clinical subtype or neuropsychological test performance.
A different perspective has been offered by Grossman et al. (in press ). These investigators carried out a longitudinal analysis of neuropsychological functioning on a cohort of patients with autopsy-proven disease who were divided into tau-positive, tau-negative, and frontal variant-Alzheimer's disease subgroups. Significant longitudinal decline was seen in all groups for all neuropsychological measures. Moreover, several neuropsychological measures differentiated between patient subgroups throughout the duration of the illness. For example, a significant double dissociation involving persistent relative difficulty on visuoconstructional tests in the tau-positive group contrasted with relatively impaired performance maintained over time on tests of visual confrontation naming in tau-negative patients. Other neuropsychological measures distinguished each of the FTLD patient subgroups from patients with autopsy-proven AD. In contrast to the perspective suggested by Kertesz and colleagues, the findings of Grossman et al. suggest that pathologically defined neurodegenerative patient groups do not necessarily overlap and devolve into a single subtype. These authors argue that differences between disease states, including relative differences in the neuroanatomic distribution of disease at onset, are maintained throughout the course of these conditions. Additional evidence that patient groups maintain their distinct neuropsychological characteristics comes from a longitudinal study correlating progressive cortical atrophy on MRI with progressive neuropsychological difficulty on language measures (Avants, Grossman, & Gee, 2005) . In this study, investigators found declining performance on measures of visual confrontation naming and semantic category fluency, as well as progressive cortical atrophy in frontal and temporal brain regions over 1 year. These investigators also showed that neuropsychological decline correlated with progressive atrophy. Moreover, the correlations of longitudinal cognitive measures with progressive cortical atrophy overlapped only partially, suggesting that the unique neuroanatomic basis for cognitive decline on distinct tasks is maintained over time and does not necessarily converge onto a single subtype with a common neuroanatomic substrate.
In the current research, we undertook a longitudinal analysis of performance on tests of executive control, language/naming, and visuoconstruction obtained from a large group of AD and FTLD patients. Patients were followed up to 100 months. We focused on the longitudinal course of group neuropsychological performance. We expected that relatively distinct subtype characteristics of these patients seen at their initial neuropsychological assessment would persist over the longitudinal course of their illness, as suggested by Grossman et al. (in press) . Therefore, our primary prediction was that statistical analyses should be dominated by main effects for group differences and longitudinal decline. We expected to see few interaction effects that would reflect longitudinal convergence onto a common subtype.
Method Patients
All patients were recruited and evaluated at the Departments of Neurology of the University of Pennsylvania and Thomas Jefferson University. Subsequently, at least two trained reviewers of a consensus committee confirmed the presence of specific diagnostic criteria and also assigned patients to an FTLD subgroup on the basis of an independent review of the semistructured history, a detailed neurologic exam, and a standardized mental status examination (Philadelphia Brief Assessment of Cognition [PBAC]; Libon, Xie, et al., 2007) . Data were drawn from a patient corpus consisting of 441 patients. Fourteen participants were excluded because of a diagnosis other than AD or FTLD (Lewy body dementia = 4, vascular dementia = 2, ALS = 1, mild cognitive impairment = 4) or an atypical presentation of AD (visual variant = 3).
The FTLD subgroups were classified on the basis of published criteria that have been modified to improve reliability (Grossman & Ash, 2004) . When there was disagreement between reviewers, the case was discussed by the entire committee to arrive at a consensus diagnosis. On a different occasion, trained technicians administered a detailed neuropsychological protocol comprising different tests. This formal neuropsychological evaluation, described in detail below, was not used in the diagnosis of these patients, and the diagnosing neurologists were blind to patients' performance on the neuropsychological evaluation. These patients and their legal representatives participated in an informed consent procedure approved by the Institutional Review Board at the University of Pennsylvania.
Among the participants in this study, 212 patients were given a clinical diagnosis of AD based on National Institute of Neurologic and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria (McKhann et al., 1984) . In brief, this included a progressive syndrome involving prominent episodic memory difficulty, associated with circumlocutory speech, a visual constructional impairment, and limited executive control impairment.
Another 229 patients were clinically diagnosed with FTLD according to published criteria (Lund and Manchester Groups, 1994; McKhann et al., 2001 ). Our sample included 87 patients with a SOC/EXEC profile. These patients presented with significant social and behavioral difficulties and alterations of executive functioning. Our sample also included 38 PNFA patients. These patients had effortful speech that may be associated with dysarthria, speech errors, grammatically simplified speech, or impaired grammatical comprehension, but relatively good single word comprehension. Forty-one patients were diagnosed with SemD. The language disorder of these patients was characterized by fluent and circumlocutory spontaneous speech that was often empty in content with a prominent naming deficit and was associated with difficulty understanding single words and impaired object knowledge. Initial research with patients with SemD suggested that episodic memory is relatively unaffected in this patient group (Hodges, Patternson, Oxbury, & Funnell, 1992; Neary et al., 1998) . However, subsequent research has shown that SemD patient can present with episodic memory difficulty (Kramer et al., 2003) . Also, episodic memory depends on the modality used to assess impairment in dementia patients (Libon, Xie, et al., 2007) . Because of these and other considerations, episodic memory tests were not part of the diagnostic algorithm for the diagnosis of SemD patients. Finally, 63 patients were diagnosed with CBD on the basis of criteria derived from clinical-pathological studies reported in the literature and our own autopsy series (Murray et al., 2007; Grimes, Lang, & Bergeron, 1999) . These patients had apraxia, visuospatial impairments, gait difficulty, and a lateralized extrapyramidal disorder (e.g., unilateral limb rigidity, myoclonus, dystonia, alien hand phenomena).
Within the entire sample, 352 patients remained in the study cohort after Year 1, 293 patients beyond Year 2, 241 patients beyond Year 3, 182 patients beyond Year 4, 121 patients beyond Year 5, 58 patients beyond Year 6, and 30 patients beyond Year 7. We were able to evaluate 241 patients at least twice. The average follow-up time between two visits was 5.68 months (SD = 3.94). The average number of visits was 3.51 (SD = 1.96) among those who had followup visits. The average length of total time interval observed was 20.54 months (SD = 16.07) among those who had follow-up visits. There was no significant group difference in terms of total time interval observed.
The initial clinical diagnosis of a neurodegenerative disease was consistent with the results of serum studies, clinical structural imaging studies such as MRI or CT, studies of cerebrospinal fluid (when available), and clinical functional neuroimaging studies such as SPECT or PET (these studies were not available to the consensus committee). Exclusion criteria included the presence of other neurologic conditions such as stroke or hydrocephalus, primary psychiatric disorders such as depression or psychosis, or a systemic illness that can interfere with cognitive functioning. Some of these patients were taking a fixed dosage of an acetyl-cholinesterase inhibitor (e.g., donepezil, rivastigmine, galantamine) or memantine. Some of these patients also may have been medicated with a low dosage of a nonsedating antidepressant (e.g., serotonin-specific reuptake inhibitors such as sertraline) or an atypical neuroleptic agent (e.g., quetiapine), as indicated clinically, but none of the patients demonstrated any evidence of sedation suggesting overmedication. Table 1 summarizes the demographic features of these patients.
Neuropsychological Protocol
The neuropsychological protocol consisted of six tests that have previously been subjected to a principal component analysis (Libon, Xie, et al., 2007) , which suggested that these tests relate to cognitive constructs including executive control (Digit Span, letter fluency; Lamar et al., 2007) , language abilities (lexical retrieval, response naming [Boston Naming Test], "animal" fluency; Libon, Massimo, et al., 2007) , and visuoconstruction (figure copy test; Freeman et al., 2000) , constructs well known to be affected in dementia. The version of the Boston Naming Test and the figure copy test used in this research came from the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) neuropsychological protocol (Morris et al., 1989) .
Wechsler Adult Intelligence Scale-Revised Digit Span Subtest (Wechsler, 1987) Forward and backward span was assessed using standardized instructions. The longest forward and backward spans were the two dependent variables derived from this test.
Letter Fluency (Spreen & Strauss, 1990)
Patients were given 60 s to generate words, excluding proper nouns and numbers, beginning with specified letters (FAS). Letter fluency tests provide a measure of executive control. Imaging studies have shown that letter-phoneme fluency tests activate the left dorsolateral prefrontal region in younger (Phelps, Hyder, Blamire, & Shulman, 1997) and older adults (Gourovitch et al., 2000) . The dependent variable was the number of responses summed across the three letters.
Boston Naming Test (BNT; Kaplan, Goodglass, & Weintraub, 1983)
Visual confrontation naming was assessed with a 15-item version of the BNT from the CERAD neuropsychological protocol (Morris et al., 1989) . The stimuli were equally divided among high-frequency, mid-frequency, and low-frequency items. Patients were given as much time as they needed to respond. The dependent variable was the total number of correct responses. The "animal" fluency task was administered by asking patients to produce as many names of animals as possible in 60 s. Recent studies suggest that category fluency tests provide a measure of semantic knowledge and have shown that performance on category fluency tests tends to activate the left temporal lobe (Mummery, Patterson, Hodges, & Wise, 1996) . The dependent variable was the total number of responses, excluding perseverations and extracategory intrusion responses.
Geometric Figure Copy (Morris et al., 1989)
To assess visuoconstructional ability, we asked patients to copy four geometric designs graded on their perceptual-spatial complexity. Performance was evaluated on an 11-point scale.
Statistics
Data were analyzed using methods reported by Grossman et al. (2007, in press ). Raw scores from neuropsychological data were converted to z scores on the basis of the performance of 25 age-and education-matched healthy seniors for each individual patient group. Analyses of variance indicated that the age and education of these healthy controls did not differ from the patient groups. A between-groups difference was obtained on the Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1974) . A threshold of z = −2.32 (equivalent to a p value of .01) was used to identify abnormal performance in patient groups relative to controls when first seen.
A mixed-effect model was used to examine the longitudinal patterns of the cognitive variables over time (Laird & Ware, 1982) . This statistical procedure accounts for the within-subject correlations in this longitudinal analysis that are due to the repeated measurements of cognitive variables over time in the same patients and accounts for missing data. Specifically, we were particularly interested in examining whether disease diagnosis was related to the longitudinal measures of the neuropsychological variables. Follow-up time was treated as a random effect, and a random intercept was also included in the mixed-effect model. Disease diagnosis and demographic variables such as age and education were treated as fixed effects.
We did not covary for the MMSE for several reasons. First, in a recent study, Jefferson et al. (2002) examined MMSE performance among patients diagnosed with AD, subcortical vascular dementia (VaD), and dementia patients with Parkinson's disease (PD). Total MMSE scores were equivalent. However, an analysis of the errors revealed substantial differences. As compared with other dementia groups, AD patients were differentially impaired on the MMSE orientation test items, and their lower scores on these MMSE test items were specifically related to episodic memory impairment. Moreover, the orientation questions are disproportionately represented on the MMSE. By contrast, VaD and PD patients were differentially impaired on the MMSE items requiring a motor response, and poor performance on these MMSE test items were related to differential impairment on executive control tests. Similarly, MMSE scores obtained from SemD and CBD patients could also be differentially affected by their language and visuo-spatial problems, respectively, and these cognitive domains are not equally represented on a brief battery such as the MMSE. A second reason for not covarying for the total MMSE score is that there is potential partial overlap between the cognitive skills probed by the MMSE and the neuropsychological tests described above in a multifactorial manner that may or may not be linear. Therefore, the longitudinal changes on the neuropsychological tests described below may not necessarily be adequately controlled by a linear correction such as analysis of covariance. Insofar as neuropsychological test performance reflects both a domainspecific component and a component associated with overall cognitive decline, it could be potentially confounding to covary for the MMSE. Third, a variety of prior studies have reported that performance on the MMSE can be quite variable over time and therefore does not necessarily provide an adequate measure of longitudinal change (Clark, et al., 1999; Galasko, Gould, Abramson, & Salmon, 2000; Gould, Abramson, Galasko, & Salmon, 2001; Han, Cole, Bellavance, McCusker, & Primeau, 2000) . Finally, the maximum difference between groups on the MMSE was relatively modest.
The coefficient for the fixed effect estimating monthly change for each neuropsychological measure was used to illustrate longitudinal decline. For between-groups longitudinal analysis using the mixed-effect model, we computed F statistics for the overall effect of covariates, and t statistics are reported for any two-disease group comparisons that are significant. Longitudinal decline may be linear or curvilinear, and we examined both longitudinal effects in the statistical models reported below. Analyses were performed using SAS software with the proc mixed program (v9.1, SAS Institute Inc., Cary, NC). All statistical tests were two-tailed. In these contrasts, statistical significance was set at the p < .05 level unless otherwise indicated.
Results

Demographic Data
One-way analysis of variance (ANOVA) revealed between-groups differences for age, F(4, 436) = 19.01, p < .001, education, F(4, 436) = 15.81, p < .001, and performance on the MMSE, F(4, 410) = 5.93, p < .001, at initial evaluation. At the initial neuropsychological evaluation, there was no between-groups difference for duration of illness. For age, AD patients were older than SOC/EXEC (p < .001) and CBD (p < .001) patients, PNFA patients were older than CBD (p < .005) patients, and SemD patients were older than SOC/EXEC (p < .013) patients. AD patients had fewer years of education compared with SOC/EXEC (p < .005) and CBD (p < . 048) patients. The AD group had a lower score on the MMSE compared with SOC/EXEC (p < .004) and SemD (p < .003) patients when first seen. To further assess the possible effects of education or age on neuropsychological functioning, we subjected all six neuropsychological measures to three-way interactions (Duration of Illness × Education or Age × Group). A significant three-way interaction involving education, group, and illness duration was obtained only for the BNT, F(1, 915) = 4.60, p < 001.
Neuropsychological Analyses
All cross-sectional neuropsychological test performance (i.e., performance at initial presentation) was analyzed using one-way ANOVA followed by Tukey post hoc tests (see Table 2 ). Statistics describing significant main effects for group and illness duration are listed in Table 3 . Below, the initial and longitudinal test performances are described separately for each neuropsychological domain. Follow-up analyses for longitudinal course are listed in Table  4 .
Executive Control
Initial neuropsychological test performance-Significant differences on the Digit Backward Test, F(4, 337) = 4.90, p < .001, and the letter fluency test, F(4, 219) = 2.73, p < . 030, were observed. Follow-up tests on the Digit Backward Test found that CBD patients were more impaired compared with AD (p < .045), SOC/EXEC (p < .004), and SemD (p < .002) patients. On the letter fluency test, PNFA patients were more impaired compared with AD (p < .041) and SemD (p < .023) patients.
Longitudinal neuropsychological test performance-Analyses for the Digit Forward
Test produced a significant quadratic effect for longitudinal course (p < .010; see Figure 1 ). PNFA patients demonstrated greater difficulty throughout the course of their disease compared with AD (p < .008), SOC/EXEC (p < .020), and CBD (p < .001) patients. Similarly, CBD patients exhibited greater difficulty throughout the course of their disease compared with SemD patients (p < .018).
A quadratic effect for longitudinal course was also noted for the Digit Backward Test (p < . 001), with PNFA patients again demonstrating greater difficulty throughout the course of their disease compared with SemD patients (p < .023). Also, SemD patients exhibited more striking impairment throughout the course of their illness compared with CBD patients (p < .005).
On the letter fluency test, a quadratic effect for longitudinal course was obtained (p < .001). PNFA patients exhibited greater difficulty throughout the course of their illness compared with AD (p < .001), SemD (p < .014), and CBD (p < .013) patients. In sum, consistent with the initial neuropsychological assessment, PNFA and CBD patients generally showed difficulty throughout the course of their illness on executive tests compared with other patient groups.
Language Tests
Initial neuropsychological test performance-On tests related to language, betweengroups differences were observed on the BNT, F(4, 399) = 6.74, p < .001, and the "animal" fluency test, F(4, 397) = 2.48, p < .043. Follow-up tests revealed that SemD patients obtained a lower score on the BNT compared with SOC/EXEC (p < .001), PNFA (p < .006), and CBD (p < .008) patients. On the "animal" fluency test, AD patients generated fewer responses compared with SOC/EXEC patients (p < .016).
Longitudinal neuropsychological test performance-A quadratic main effect for longitudinal course was noted on the BNT (p < .001). SemD patients demonstrated greater difficulty throughout the course of their illness compared with all other patient groups (p < .
004, all analyses).
A quadratic main effect for longitudinal course was found for the "animal" fluency test (p < . 001), with AD patients demonstrating greater difficulty throughout the course of their illness compared with SOC/EXEC (p < .014) and CBD (p < .018) patients. These longitudinal analyses are very similar to the initial, cross-sectional between-groups analyses, showing that worse performance on the BNT in SemD patients and worse performance on the "animal" fluency in AD patients are maintained throughout the course of the illness.
Visuoconstructional Tests
Initial neuropsychological test performance-CBD patients obtained a lower score on the figure copy test compared with all other groups, F = (4, 328) = 15.19, p < .001.
Longitudinal neuropsychological test performance-A quadratic main effect for longitudinal course was obtained for the figure copy test (p < .032). CBD patients uniformly demonstrated greater difficulty throughout the course of their illness compared with all other groups (p < .001). For this test, AD patients also demonstrated worse performance throughout the course of their disease compared with SemD patients (p < .005). SOC/EXEC patients exhibited worse performance throughout the course of their disease compared with SemD patients (p < .047). These test results tend to mirror the initial, cross-sectional between-groups analyses.
Double Dissociations on Neuropsychological Tests
An inspection of Table 4 suggests that longitudinal decline is associated with several double dissociations on neuropsychological tests. These double dissociations are consistent with the pattern of initial neuropsychological test performance.
SemD versus PNFA-When assessed over the longitudinal course of their disease, the SemD and PNFA groups dissociated on tests of naming and executive control such that the SemD group was significantly more impaired on the BNT compared with the letter fluency test. The PNFA group displayed the opposite pattern.
SemD versus CBD-Differences between the CBD and SemD patients were noted such that the SemD group was particularly impaired on the BNT compared with the figure copy test. The opposite profile was noted for the CBD group.
PNFA versus CBD-A double dissociation was found between CBD and PNFA patients on the Figure Copy and letter fluency tests. Here, the PNFA patients were significantly more impaired on the letter fluency test compared with the figure copy test. The CBS group displayed the opposite pattern.
Discussion
FTLD is a major cause of dementia in persons younger than 65 years. Some of the initial neuropsychological studies attempting to show specific subtype profiles for AD versus FTLD and between FTLD subtypes were hampered, in part, because of small sample sizes, variability with respect to the selection of neuropsychological tests, and how patients were diagnosed (Perri et al., 2005; Starkstein et al., 1994; Thomas-Anterion, Jacquin, & Laurent, 2000) .
However, over the past several years considerable knowledge regarding the neurobiology of FTLD has accumulated. This information has been incorporated into the newer schemes for the diagnosis of FTLD (McKhann et al., 2001 ). More recent research has shown that specific neuropsychological and behavioral deficits can distinguish AD from FTLD and between FTLD subtypes Kramer et al., 2003; Libon, Massimo, et al., 2007; Libon, Xie, et al., 2007) . This has been confirmed in clinical-pathological studies distinguishing FTLD from AD (Rascovsky et al., 2002; Rascovsky, Salmon, Hansen, Thal, & Galasko, 2007) and studies comparing pathologically confirmed subgroups of FTLD patients (Forman et al., 2006; Grossman et al., in press; Murray et al., 2007) . Clinically, these data may be useful in the future for identifying participants for novel pharmacological treatment paradigms for FTLD.
In the current study, we addressed an issue that has received comparatively little attention, that is, the longitudinal course or outcome of patients with FTLD. Kertesz and colleagues (Kertesz, 2003; Kertesz et al., 1999) have introduced into the literature a hypothetical construct labeled Pick complex as a means of understanding the brain-behavior relationships that underlie FTLD. The origin of the term is based on research suggesting that the neuropsychological and behavioral characteristics of many FTLD patients overlap or devolve into a single, undifferentiated subtype over time. Although we do not question the internal validity of these findings, certain aspects of the methodology described in these reports may limit their generalizability. First, the data are based on survey protocols that do not necessarily reflect fine-grained distinctions within verbally mediated tasks (Blair et al., 2007) or patterns of social disorder (Marczinski et al., 2004) . Although this is a reasonable initial approach to the study of longitudinal decline, these measures tend to average scores across potentially dissociable areas, and thus can blur distinctions between subgroups. Second, the statistical methods used in studies such as these allowed longitudinal observations for only 36 months (Kertesz et al., 2005) . Finally, the diagnostic algorithms do not always differentiate the SemD from the PNFA subtypes, and AD patients were not generally included in these reports (Blair et al., 2007; Kertesz et al., 2005 ). In the current research, the statistical treatment of the data allowed us to report follow-up on patients up to 100 months; a well-researched neuropsychological protocol was administered that has demonstrated dissociations between neurodegenerative patients on measures of executive control, language, visuoconstruction, and semantic memory (Libon, Massimo, et al., 2007; Grossman et al., 2007) ; subgroup dissociations have been validated by evaluations in autopsy-confirmed cases (Grossman et al., in press) ; and several clinically distinct FTLD subtypes were studied and compared with AD patients.
The present longitudinal analysis of neuropsychological test performance was designed to test the hypothesis that the pattern of relative neuropsychological impairment seen at the initial assessment of FTLD persists over the duration of illness. If this is true, statistical analyses should be dominated by main effects for group as well as longitudinal course, suggesting that FTLD patients do not converge onto a single, undifferentiated state. The alternative pattern, interaction effects, would be consistent with a single end-state.
Overall, we found support for our hypothesis. At their initial evaluation, distinct patterns of neuropsychological impairment were noted in FTLD and AD. Impaired performance on tests of category fluency ("animals") was seen in patents with AD. Pronounced impairment on visuoconstructional and working memory tests was observed in patients with CBD. Low scores on tests of visual confrontation naming were noted among SemD patients. Finally, PNFA patients obtained low scores on tests of executive control.
With respect to longitudinal neuropsychological test performance, the statistical analyses described above yielded main effects for group and longitudinal course. No interactions between group and longitudinal course were found. For many domains of cognitive function, the patterns of impairment observed at the initial neuropsychological assessment were maintained over the course of the illness. The longitudinal course for AD patients continued to be dominated by their low scores on the "animal" fluency test, CBD patients continued to display disproportionate impairment on visuoconstructional tests, SemD patients performed relatively poorly on tests of visual confrontation naming, and PNFA patients displayed disproportionate impairment on tests of executive control.
The current research also produced several double dissociations on neuropsychological tests. In the present research, the SemD group obtained a low score on a test of naming but performed better on tests of working memory. The PNFA group produced the opposite profile. Likewise, the low score on the BNT in the SemD group was worse than their score on the figure copy test. CBD patients presented with the opposite pattern on these tests. Finally, a double dissociation was found for the CBD and PNFA patients on visuoconstruction and letter fluency tests. Consistent with the autopsy series described by Grossman et al. (in press) , these double dissociations persisted during the entire course of the illness.
From a neuropsychological perspective, these data are particularly valuable for several reasons. First, the longitudinal data presented above are consistent with prior reports that demonstrated patterns of cognitive deficit associated with specific dementia syndromes in cross-sectional studies, including studies with pathologically defined cases Libon, Massimo, et al., 2007; Libon, Xie, et al., 2007; Kramer et al., 2003; Rascovsky et al., 2002 Rascovsky et al., , 2007 . Second, we have now extended these findings to show that patients maintained a relatively unique pattern of neuropsychological deficits well into the course of their dementia. Relative impairments are likely to be of diagnostic value at any point during the course of a dementing condition. Third, the dissociations reported above suggest the existence of cognitive networks where behavior is organized around specific but broadly encompassing cognitive functions involving large-scale cortical networks. The importance of the current data is that these networks of cognitive dysfunction are shown to persist well into course of a dementia.
Other longitudinal research studies have also reported main effects for group or illness course for tests of category ("animals") and letter fluency in patients with AD and several FTLD subtypes (Rogers, Ivanoiu, Patterson, & Hodges, 2006) . Ratcliff and colleagues (Ratcliff, Dodge, Birzescu, & Ganguli, 2003) found that performance on tests of executive control and category fluency remained stable over time, with no interaction reported between groups and longitudinal course. Specific neuropathological substrates are also associated with a particular clinical presentation in dementia. In AD, neurofibrillary tangles compromise medial temporal lobe functioning and correlate with impaired episodic memory; in tau-positive FTLD such as CBD, the histopathological burden of tau in frontal and parietal regions correlates with visualconstructional difficulty; and ubiquitin/TDP-43 pathology seen in patients with SemD and SOC/EXEC subtypes is associated with disease in frontal and temporal brain regions (Grossman et al., in press; Murray et al., 2007) . The underlying cytoarchitectonic distribution of pathology found in some FTLD subtypes also may help explain the core findings of the current research. Some early onset FTLD subtypes may disproportionately affect superficial layers of the brain (Amunts et al., 2004) . This may interfere with local neuronal networks that support specific cognitive measures. Other FTLD subtypes might affect the neurons in both superficial and deep layers of the cortex. Such neuropathology might disturb the pyramidal cell neurons located in the deeper cortical layers (Cairns et al., 2004; Simon et al., 2004) . These neurons are important for interregion connectivity and complex cognitive processes supported by these large-scale neural networks. Clearly, additional work is needed to assess clinicalpathological hypotheses such as these in the role of longitudinal decline seen in neurodegenerative diseases.
The current research is not without limitations, and several caveats should be kept in mind when considering our observations. First, although the neuropsychological protocol we used is relatively comprehensive, not all domains of cognitive functioning, such as episodic and semantic memory, were represented. Also, our findings may have been different if a wider array of tests, particularly other tests that assess executive control (Stroop, Card Sorting, Trail Making, etc.), had been used. Another problem is the fact that we had no longitudinal measures of behavior-social comportment. Although we examined longitudinal performance for a longer duration and later in the course of disease compared with most other research, it is possible that we did not examine patients sufficiently late in the disease process to demonstrate converging group profiles. Finally, although our results resemble the observations of the autopsy-proven cohort reported by Grossman et al. ( in press), we do not have histopathologic evidence for the diseases causing impairments in the patients participating in this study.
With these caveats in mind, our findings indicate that different profiles of longitudinal decline are present in AD and FTLD. Relatively distinct patterns of neuropsychological impairment appear to be maintained over time, suggesting that AD and FTLD patients do not devolve into a single undifferentiated clinical dementia syndrome. Longitudinal decline on neuropsychological tests. The slope indicates the rate of monthly decline (x-axis) as reflected by z-score performance on each task (y-axis). Table 1 Demographic Characteristics Note. AD = Alzheimer's disease; SOC/EXEC = social comportment/dysexecutive; PNFA = primary nonfluent aphasia; SemD = semantic dementia; CBD = corticobasal degeneration; MMSE = MiniMental State Examination. Note. AD = Alzheimer's disease; SOC/EXEC = social comportment/dysexecutive; PNFA = primary nonfluent aphasia; SemD = semantic dementia; CBD = corticobasal degeneration; BNT = Boston Naming Test. Note. AD = Alzheimer's disease; SOC/EXEC = social comportment/dysexecutive; PNFA = primary nonfluent aphasia; SemD = semantic dementia; CBD = corticobasal degeneration; BNT = Boston Naming Test.
